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CLAMP ASSEMBLY FOR AN EXTERNAL
FIXATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application 1s a continuation of the U.S. National
Stage designation of co-pending International Patent Appli-
cation PCT/CH98/00207, filed May 19, 1998, the entire

content of which 1s expressly incorporated herein by refer-
ence thereto.

FIELD OF THE INVENTION

The 1nvention relates to a device for use 1n the external
fixation of parts of broken bones. More particularly, the
invention relates to an improved external fixation device that
has positively locking joints and permits two or more
rotational degrees of freedom to be detachably locked using
a single component.

BACKGROUND OF THE INVENTION

A number of devices for use 1n the external fixation of
bones are already known. One such device 1s disclosed 1n EP
0 011 258 Al to ORTHOFIX, and includes an elongated
middle body with two parts which are mutually displaceable
along the body’s longitudinal axis. Each of the parts of the
middle body support a clamping unit for use 1n the 1nsertion
of nails or bone screws 1nto a bone segment, and a push/pull
device acts on both parts of the middle body. The clamps rest
by means of universal joints, 1.e. ball joints, on the outer
ends of the displaceable parts of the middle body and thus
permit the nails or screws that are insertable into the bone
segments to pivot 1n three dimensions. This device has the
drawback, however, that the clamps are only frictionally
fixed 1n place, and as a result the slippage-resistance of the
apparatus once fixed 1n place 1s substantially reduced.

Another device for the external fixation of bones using
pins 1s disclosed 1n U.S. Pat. No. 5,160,335 to Wagenknecht.
The aflixation bar 1s optionally telescopable and fitted with
clamps that hold bone the pins in place. Brackets are used to
attach the clamping elements supporting the connecting
parts to the fixation rod. The connecting parts permit three-
way rotation of the clamping elements relative to the brack-
cts. The device mcludes connecting components and clamps
used 1 fastening the bone pins, as well as connecting
components with curved support surfaces to affix the clamp
clements of the clamps to the connecting components on the
atfixation bar. The connecting components are designed 1n
such manner that the clamp elements can pivot in three
degrees of freedom relative to the clamps. This device has
the drawback that the pivot joints can only be atfixed relative
to one another 1n frictional manner, and furthermore three
screws must be tightened to lock the clamp elements in
place.

There exists a need for an 1mproved external fixation
device to confer a palliative effect. In particular, there exists
a need for an improved external fixation device that enables
athixation of the joints 1n geometrically locking, hereafter
positively locking manner, and furthermore allows two or
more rotational degrees of freedom to be detachably locked
using a single tightening screw. The present invention pro-
vides an improved external fixation device that 1s capable of
providing these improvements.

SUMMARY OF THE INVENTION

The present mvention 1s related to an external bone
fixation system for clamping bone pins and a connecting
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clement. The system includes a jaw having top and bottom
surfaces, and an upper element having top and bottom
surfaces, with the jaw and upper element being configured
and dimensioned for retaining bone pins therebetween. The
system also includes a middle element having top and
bottom surfaces, and a lower element having top and bottom
surfaces. The elements are disposed about a common axis.
The upper element can swivel relative to the middle element
about a swivelling axis transverse to the common axis, and
the bottom surface of the upper element 1s clampable against
the top surface of the middle element. The lower element can
rotate relative to the middle element about the common axis
and the bottom surface of the middle element 1s clampable
agamst the top surface of the lower element. The lower
clement has a borehole extending therethrough, and 1is
demountably attachable to and rotatable about the connect-
ing eclement. Opposing surfaces of at least two of the
clements are positively engageable, and the upper, middle,
and lower elements are coupled by a common fastener
disposed along the common axis. The jaw and upper element
are coupled by at least one fastener that 1s not disposed on
the common axis.

In one embodiment, the common axis 1s disposed sub-
stantially perpendicular to the swivelling axis, and the
borehole 1n the lower element 1s disposed transversely to the
common axis. The top and bottom surfaces of the middle
clement are substantially parallel. The common fastener that
couples the upper, middle, and lower elements also releas-
ably fixes the lower element to the connecting element. In
addition, the middle element includes a recessed portion
with an insert seated therein, and the fastener threadably
engages at least one of the 1nsert and the lower element. The
bottom surface of the upper element 1s curved and 1s
received 1n a recess 1n the top surface of the middle element.

The bottom surface of the upper element and the recess 1n
the top surface of the middle element include mutually
positively locking serrations which lock the upper and
middle elements 1n any one of a plurality of swivelled
positions. Furthermore, the top surface of the lower element
and the bottom surface of the middle element include
mutually positively locking serrations which lock the lower
and middle elements 1n any one of a plurality of rotational
positions. The serrations can be radially disposed about the
common axis. The lower element includes a fastener for
demountably attaching that element to the connecting ele-
ment. The borehole of the lower element 1s disposed about
a central borehole axis that 1s offset from and transverse to
the common axis.

The lower element can have a fastener hole that 1s aligned
with the common axis and includes threads for engaging the
threads of the common fastener. The upper element also can
have a fastener hole aligned with the common axis which
includes threads for engaging the threads of the common
fastener. A single fastener can arrest two or three degrees of
freedom. The fastener can be configured and dimensioned to
be engaged at either of a first end and a second end and to
permit screwing action thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred features of the present invention are disclosed 1n
the accompanying drawings, wherein similar reference char-
acters denote similar elements throughout the several views,
and wherein:

FIG. 1 1s an elevational view of an embodiment of the
present invention, with a connecting element having two
clamp assemblies mounted thereon;
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FIG. 2 1s a partial cross-sectional view of a clamp
assembly of FIG. 1;

FIG. 3 1s a cross-sectional view of another embodiment of
a clamp assembly of the present invention; and

FIG. 4 1s a cross-sectional view of a further embodiment
of a clamp assembly of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present 1nvention 1s related to a device for trauma-
tology and orthopedics for the external fixation of parts of
broken bones. The device includes a jaw, as well as upper,
middle, and lower elements mounted along one axis, here-
after the common axis, with bone screws or pins being
athixable between the upper element and the clamping
surface of the jaw. At least two bone screws may be
clamped. The device as a whole 1s affixable to a longitudinal
connecting element. The upper element pivots relative to the
middle element about a swivelling axis running transverse to
the common axis of the three elements, clampable against a
first surface suitable as a swivel surface on the middle
element transverse to the common axis, and fixable 1n a
ogrven position. The swivelling axis can run perpendicular to
the common axis. The lower element 1s rotatable relative to
the middle element about the common axis of the three
clements and can be clamped 1n a desired position against a
second surface of the middle element.

A borehole 1n the lower element has a borehole axis and
extends transverse to the common axis of the three elements,
and allows the lower element and consequently the device as
a whole to be moved along the length of a connecting
clement. When the lower element 1s mounted on a connect-
ing clement, 1t 1s rotatable about the borehole axis and
lockable 1n any position about the borehole axis with an
afhixation element such as a tightening screw. The relative
movements of the elements are controlled by a tightening
screw so that, when the tightening screw 1s tightened, the
clements are mutually compressed at their contacting sur-
faces. The mutually contacting surfaces of the elements are
serrated to confer positive locking between any two ele-
ments. In one embodiment, the swivel axis of the upper and
middle elements 1s perpendicular to the common axis, while
the borehole axis intersects the common axis of the ele-
ments. At least two of the elements have serrations at
mutually contacting surfaces to establish a positive connec-
tion therebetween. All three elements are mutually affixable,
and the device 1s affixable to the connecting element with no
more than two affixation screws.

In a preferred embodiment, the middle element and the
upper element have end faces that contact each other and are
parallel to each other. Only a single tightening screw 1s
needed to lock the three elements with respect to each other
and clamp the lower element to the connecting element. The
fightening screw has a head that can rest on a support surface
perpendicular to the common axis, and the surface can be a
surface of the lower element or the surface of an insert that
further has an arcuate surface rotatably supported in the
upper element. The tightening screw can be screwed 1nto a
matching thread in the insert or a matching thread in the
lower element. Furthermore, the lower element can be fitted
with a unilateral slit on one side of the element and extend-
ing the length of the borehole, and the tightening screw may
permit the slit to be compressed to additionally compress the
borehole and clamp the lower element 1n a desired position
on the connecting element.

In another embodiment, the serrations on the contacting,
faces of the lower and middle elements are circular and
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concentric to the common axis. The recess of the middle
clement 1s arcuate and forms a semi-circular clearance with
a swivelling axis transverse to the common axis. The mutu-
ally contacting surfaces of the upper element and middle
clement are serrated. The mutually contacting serrations on
the surfaces of the middle and upper elements are provided
In an arcuate recess and a semi-circular bay having an axis
of rotation perpendicular to the common axis. Bone screws
are clampable between the jaw and the upper element by
fasteners, preferably tightening screws, that are independent
of the fastening of the elements. The opposing clamping
surfaces of the upper element and the jaw can include
parallel and aligned recesses extending across their width to
partly seat bone screws. In addition, the tightening screw can
include at both ends a hexagonal socket, a slotted region
such as 1 a phillips screw, or other means for receiving a
tool for use 1n loosening and tightening the screw.

Referring to FIGS. 1-4, a device 2 1s shown for mounting,
on a connecting element 1 and for clamping bone screws 3.
As will be discussed, the device 1s movable on and about
connecting element 1, but also may be releasably fixed to it.
The device includes an upper element 4 with a top surface
47 and a bottom surface 72, a middle element 5 with a top
surface 61 and a bottom surface 62, and a lower element 6
with a top surface 74 and a bottom surface 76. Together,
upper, middle, and lower elements 4, 5, 6, respectively,
permit clamped bone screws 3 to be moved 1n three degrees
of freedom relative to connecting element 1. Device 2 also
includes a jaw 35 with a top surface 78 and a bottom surface
80. Tightening screws 18 extend through aligned holes in
jaw 35 and upper element 4, with the heads 19 resting on top
surface 78, and when the tightening screws 18 are tightened
such that bottom surface 80 of jaw 35 and top surface 47 of
upper element 4 are drawn toward each other, bone screws
3 are clamped therebetween.

In the preferred embodiment, clamping bottom surface 80
of jaw 35 and clamping top surface 47 of upper element 4
include parallel grooves 46, 45 respectively, for accommo-
dating bone screws 3. Grooves 46, 45 extend perpendicular
to the plane of the page, across the length of surfaces 80, 47
respectively. Thus, when tightening screws 18 are tightened,
bone screws 3 are firmly held 1in grooves 46, 45. Preferably,
four parallel grooves are provided in jaw 35 and upper
clement 4.

Element 6 forms a base body that has a borechole 36
extending therethrough along a borehole axis 82 which
extends perpendicular to the plane of the page. Borehole 36
1s coniigured and dimensioned for receiving connecting
clement 1 which has a central axis 7. Preferably, the diam-
eter of borehole 36 1s chosen such that when element 6 1s
mounted on connecting element 1, element 6 and conse-
quently the remainder of device 2 can be positioned longi-
tudinally along connecting element 1, and also rotated
thereon as shown generally by arrow B. In the preferred
embodiment, element 6 includes a slit 37 extending the
length of borehole 36 from side surface 84 to borehole
surface 86 and defining element regions 90, 91. A fastener
hole 88 1s also included, and extends from bottom surface
76, connecting regions 90, 91 of element 6. An affixation
screw 14 1s disposed in fastener hole 88. When a desired
orientation of device 2 1s chosen on connecting element 1,
screw 14 1s tightened, thereby decreasing the separation of
regions 90, 91 of element 6 due to slit 37 and detachably
clamping device 2 to connecting element 1. Preferably,
central axis 7 and borehole axis 82 generally coincide, and
when screw 14 1s loosened, the position and orientation of
device 2 on connecting element 1 may be adjusted. In
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addition, elements 4, §, 6 preferably are disposed about
common axis 38 which preferably 1s perpendicular to central
axis 7 and borehole axis 82. Jaw 35 1s also preferably
disposed about a common axis 38.

Element 5 1s rotatable relative to element 6 about common
ax1s 38, as shown generally with arrow C, such that a degree
of rotational freedom 1s provided to device 2. The contacting
surfaces 62 and 74 between middle and lower elements 5, 6,
respectively, are serrated and form a clamping connection
41. Serrations 11 of middle element § and serrations 12 of
lower element 6 engage each other, and when elements 5 and
6 arc tightened against each other, serrations 11, 12 cause
positive locking of elements § and 6 with respect to each
other. Preferably, serrations 11, 12 are radially disposed
about common axis 38.

Element 4 swivels with respect to element § about a
swivel axis transverse to common axis 38, as generally
shown with arrow D. Bottom surface 72 of upper element 4
and top surface 61 of middle element 5 are arcuate.
Preferably, a semicircular portion 39 of bottom surface 72 1s
received 1n a like-formed recessed portion 40 of top surface
61. Engagement of portions 39, 40 allows swivelling such
that another degree of freedom 1s provided for device 2. The
contacting surfaces 72, 61 of upper and middle elements 4,
5, respectively, are serrated and form a clamping connection
42. Mutually positively locking serrations 9, 10 limait relative
movement of elements 4, 5 with respect to each other when
clements 4, § are tichtened against each other. Preferably,
serrations 9, 10 are radially disposed about common axis 38.

In the preferred embodiment, the two clamping connec-
tions 41, 42 are fixable by a single affixation element in the
form of an afhixation screw 13. Preferably, upper element 4
includes a central arcuate region 92 and a slotted region 94.
In one embodiment, an insert 43 1s disposed in central
arcuate region 92. Insert 43 has a top surface 96, an arcuate
bottom surface 98, and a central hole 99 extending there-
through. Bottom surface 98 is configured and dimensioned
to rest 1n central arcuate region 92 of upper element 4. Holes
100, 102 extend through middle and lower elements 5, 6,
respectively, and when a screw 13 extends through holes 99,
100, 102, the holes are coaxially disposed about central axis
38. Head 44 of screw 13 rests on top surface 96 of msert 43
and threaded shank 97 extends through holes 99, 100, 102.
Preferably, hole 102 1n lower element 6 1s threaded, and
threadably receives shank 97. Upper element 4 1s permitted
to swivel with respect to middle element 5 until screw 13 1s
tightened so that serrated surfaces 61, 72 are engaged, and
similarly serrated surfaces 62, 74 are engaged, to cause
positive locking. During swivelling, screw 13 remains in
alignment with common axis 38, and upper clement 4
swivels, 1n part, through the clearance created by slotted
region 94 around screw 13.

Jaw 35 further includes an aperture 48 allowing tightening
or loosening of affixation element 13 even when jaw 35 1s
firmly secured to element 4 and bone screws 3 are clamped
therebetween. Thus, when device 2 1s mounted on a con-
necting element 1, firmly clamped bone screws 3 still may
be oriented relative to connecting element 1 1n two degrees
of freedom provided at the two clamping connections 41, 42
by loosening the single affixation element 13.

In another embodiment of device 2 shown 1n FIG. 3, a
single aflixation element 15 in the form of a tightening screw
1s mounted between element 6 and an insert 43 disposed 1n
clement 4. Preferably, tightening screw 15 1s disposed along
common axis 38, and screw head 49 of tightening screw 15
rests 1n a counterbore 52 1n lower end 51 of lower element
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6. Furthermore, shank 104 extends through holes 99, 100,
102, 103. Preferably, hole 99 in insert 43 1s threaded, and
threadably receives threaded portion 50 of shank 97 of
tightening screw 15. Thus, tightening screw 15 fixes all three
clements 4, §, 6 1n place. As previously described, tightening
screw 15 extends through a slit 37 which runs the length of
borehole 36. Preferably, borehole 36 1s disposed about a
borehole axis 106, which extends perpendicular to the plane
of the page.

When a desired orientation of device 2 1s chosen on a
connecting element 1, screw 135 1s tightened to compress slit
37, and device 2 1s detachably clamped to connecting
clement 1. At the same time, tightening of screw 15 locks
both the clamping connection 41 between elements 5 and 6
through the mutually positively locking serrations 11 and 12,
respectively, and also locks the clamping connection 42
between clements 4 and 5 through mutually positively
locking serrations 9 and 10. Preferably, central axis 7 and
borehole axis 106 generally coincide, and when screw 15 1s
loosened, the position and orientation of device 2 on con-
necting element 1 may be adjusted. Borehole 36 1s centered
about an axis 1035 that 1s parallel to and offset from common
axis 38. Three degrees of freedom of movement can be
arrested with tightening screw 135.

Another embodiment of device 2 1s shown 1n FIG. 4, with
an affixation element 64 in the form of an atfixation screw
mounted between lower element 6 and an 1nsert 43 disposed
in upper element 4. Preferably, atfixation screw 64 1s dis-
posed along common axis 38. The head 68 of screw 64 rests
on arcuate insert 43 rotatably supported 1n the element 4, and
shank 106 extends through holes 99, 100, 102, 103 and is
preferably threadably received in threaded region 67 in
lower element 6. In this embodiment, head 68 and lower
portion 108 of screw 64 are configured and dimensioned to
receive a tool to loosen or tighten screw 64. Preferably, a
hexagonal socket 1s provided 1n head 68 and lower portion
108, permitting screw 64 to be accessed and tightened or
loosened from the bottom surface 76 of clement 6 as well as
from the top surface 47 of upper element 4.

Advantageously, device 2 includes positively locking,
athixable articulations for use in orienting bone screws with
respect to a longitudinal connecting element. The articula-
tion 1ntegrated with device 2 permits two or three degrees of
freedom 1n movement to be arrested using a single affixation
SCTEW.

While various descriptions of the present invention are
described above, it should be understood that the various
features can be used singly or 1n any combination thereof.
Theretfore, this invention 1s not to be limited to only the
specifically preferred embodiments depicted herein.

Further, 1t should be understood that variations and modi-
fications within the spirit and scope of the mvention may
occur to those skilled in the art to which the invention
pertains. For example, 1n an alternate embodiment, tighten-
ing screws 18 may include both a head and lower shank
portion that are configured and dimensioned for receiving a
tool for loosening or tightening of the clamping action of jaw
35 and upper element 4. In addition, central arcuate region
92 of upper element 4 and arcuate bottom surface 98 of
insert 43 may be serrated to permit positive locking.
Accordingly, all expedient modifications readily attainable
by one versed 1n the art from the disclosure set forth herein
that are within the scope and spirit of the present mnvention
are to be included as further embodiments of the present
invention. The scope of the present invention i1s accordingly
defined as set forth 1n the appended claims.
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What 1s claimed 1s:

1. An external bone fixation system for clamping bone
pins and a connecting element, the system comprising a jaw
having top and bottom surfaces, an upper element having top
and bottom surfaces, the jaw and upper element being
configured and dimensioned for retaining bone pins
therebetween, a middle element having top and bottom
surfaces, and a lower element having top and bottom
surfaces, the elements being disposed about a common axis,

wherein the upper element can swivel relative to the

middle element about a swivelling axis transverse to
the common axis, and the bottom surface of the upper
clement 1s clampable against the top surface of the
middle element, the middle element can rotate relative
to the lower element about the common axis and the
bottom surface of the middle element i1s clampable
against the top surface of the lower element, the lower
clement having a borehole extending therethrough and
being demountably attachable to and rotatable about
the connecting element,

wherein opposing surfaces of at least two of the elements

are positively engageable, the upper, middle, and lower
clements are coupled by a common fastener disposed
along the common axis while the jaw and upper ele-
ment are coupled by at least one fastener that 1s not

disposed on the common axis.

2. The external bone fixation system of claim 1, wherein
the common axis 1s disposed substantially perpendicular to
the swivelling axis.

3. The external bone fixation system of claim 1, wherein
the borehole 1n the lower element 1s disposed transversely to
the common axis.

4. The external bone fixation system of claim 1, wherein
the top and bottom surfaces of the middle element are
substantially parallel.

5. The external bone fixation system of claim 1, wherein
the common fastener that couples the upper, middle, and
lower elements further releasably fixes the lower element to
the connecting element.

6. The external bone fixation system of claim 1, wherein
the upper element includes a recessed portion with an 1nsert
scated therein, and the common fastener threadably engages
at least one of the insert and the lower element.

7. The external bone fixation system of claim 1, wherein
the bottom surface of the upper element 1s curved and 1is
received 1n a recess 1n the top surface of the middle element.

8. The external bone fixation system of claim 7, wherein
the bottom surface of the upper element and the recess 1n the
top surface of the middle element include mutually posi-
fively locking serrations which lock the upper and middle
clements 1n any one of a plurality of swivelled positions.

9. The external bone fixation system of claim 8, wherein
the serrations are radially disposed about the common axis.

10. The external bone fixation system of claim 7, wherein
the top surface of the lower element and the bottom surface
of the middle element include mutually positively locking
serrations which lock the lower and middle elements 1n any
one of a plurality of rotational positions.

11. The external bone fixation system of claim 10,
wherein the serrations are radially disposed about the com-
mon axis.

12. The external bone fixation system of claim 1, wherein
the lower element includes a fastener for demountably
attaching that element to the connecting element.

13. The external bone fixation system of claim 1, wherein
the borehole of the lower element 1s disposed about a central
borehole axis that i1s offset from and transverse to the
common axis.
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14. The external bone fixation system of claim 13,
wherein the lower element has a fastener hole aligned with
the common axis and which includes threads for engaging
the threads of the common fastener.

15. The external bone fixation system of claim 13,
wherein the upper element has a fastener hole aligned with
the common axis and which includes threads for engaging
the threads of the common fastener.

16. The external bone fixation system of claim 1, wherein
sald common fastener arrests two degrees of freedom.

17. The external bone fixation system of claim 1, wherein
said common fastener arrests three degrees of freedom.

18. The external bone fixation system of claim 17,
wherein said common fastener has a first end and a second
end and 1s configured and dimensioned to be engaged at
cither end to permit screwing action thereof.

19. An external bone fixation system for clamping bone
pins and a connecting element, the system comprising a first
clement having top and bottom surfaces, a second element
having top and bottom surfaces, the first and second ele-
ments being configured and dimensioned for retaining bone
pins therebetween, a third element having top and bottom
surfaces, and a fourth element having top and bottom
surfaces,

wherein the second, third, and fourth elements are
coupled by a common fastener disposed along a com-
mon axi1s, and the first and second elements are coupled
by at least one fastener remote from the common axis,

the second and third elements can swivel with respect to
cach other to be generally oriented transverse to the
common axis, and the third and fourth elements can
rotate with respect to each other about the common
axis,

the bottom surface of the second elememt 1s clampable

against the top surface of the third element, and bottom
surface of the third element 1s clampable against the top
surface of the fourth element, and

the fourth element mncludes a borehole extending there-

through for receiving the connecting element.

20. The external bone fixation system of claim 19,
wherein opposing surfaces of at least two of the elements are
positively engageable.

21. The external bone fixation system of claim 19,
wherein the borehole 1n the fourth element i1s disposed
transversely to the common axis.

22. The external bone fixation system of claim 19,
wherein the top and bottom surfaces of the third element are
substantially parallel.

23. The external bone fixation system of claim 19,
wherein the common fastener that couples the second, third,
and fourth elements further releasably fixes the fourth ele-
ment to the connecting element.

24. The external bone fixation system of claim 19,
wherein the second element includes a recessed portion with
an msert secated therein, and the common fastener threadably
engages at least one of the insert and the fourth element.

25. The external bone fixation system of claim 19,
wherein the bottom surface of the second element 1s curved
and 1s received 1n a recess 1n the top surface of the third
clement.

26. The external bone fixation system of claim 235,
wherein the bottom surface of the second element and the
recess 1n the top surface of the third element include
mutually positively locking serrations which lock the second
and third elements 1n any one of a plurality of swivelled
positions.

27. The external bone fixation system of claim 26,
wherein the serrations are radially disposed about the com-
mon axis.
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28. The external bone fixation system of claim 235,
wherein the top surface of the fourth element and the bottom
surface of the third element include mutually positively
locking serrations which lock the fourth and third elements
in any one of a plurality of rotational positions.

29. The external bone {fixation system of claim 28,
wherein the serrations are radially disposed about the com-
mon axis.

30. The external bone fixation system of claim 19,
wherein the fourth element includes a fastener for demount-
ably attaching that element to the connecting element.

31. The external bone fixation system of claim 19,
wherein the borehole of the fourth element 1s disposed about
a central borehole axis that 1s offset from and transverse to
the common risk.

32. The external bone fixation system of claim 31,
wherein the second element has a fastener hole aligned with
the common axis and which includes threads for engaging
the threads of the common fastener.
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33. The external bone fixation system of claim 31,
wherein the second element has a fastener hole aligned with
the common axis and which includes threads for engaging
the threads of the common fastener.

34. The external bone fixation system of claim 19,
wherein said common fastener arrests two degress of free-
dom.

35. The external bone fixation system of claim 19,
wherein said common fastener arrests three degrees of
freedom.

36. The external bone fixation system of claim 38§,
wherein said common fastener has a first end and a second
end and 1s configured and dimensioned to be engaged at
cither end to permit screwing action thereof.

37. The external bone fixation system of claim 19,
wherein said fourth element 1s rotatable about the connect-
ing clement.
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